Environmental and Molecular Mutagenesis 32:188-191 (1998)

Transition Mutations at CpG Dinucleotides Are the Most
Frequent In Vivo Spontaneous Single-Base Substitution

Mutation in the Human HPRT Gene

J. Patrick O’Neill'* and Barry A. Finette?

! Department of Medicine, University of Vermont College of Medicine, Burlington, Vermont
2 Department of Pediatrics, University of Vermont College of Medicine, Burlington, Vermont

Key words: CpG dinucleotides; HPRT mutation; human cells; Lesch-Nyhan syndrome; newborns

Studies of human genetic disorders have suggested tha€pG dinucleotides within thelPRTgene and the fre-
5-methylcytosine moieties in DNA may act as endoge&rency of mutations at these sites.
nous mutagens due to the increased deamination of GSerm cell mutations in the X-chromosorié@RTgene
when it is methylated in CpG dinucleotide sequenceglinically result in either Lesch-Nyhan syndrome (severe
This deamination of C to yield T can result in a DNAOss of enzyme activity) or gout (partial loss of enzyme
replication mediated C/& T/A transition mutation. Fully activity). The humanHPRT gene has a 1.4 kilobase
32% of human germline single-base substitution (SB8)RNA containing a 657 base-coding region. The dinucle-
mutations in the LDL receptor gene and 50% of germliretide sequence CpG would be expected to appear 27 times
SBS mutations in th@53 gene (Li-Fraumeni syndrome)by random distribution, but is only found eight times; i.e.,
are found in CpG dinucleotide sequences [Rideout et df.is reduced by 70%. It has been proposed that this is the
1990; Cooper and Krawczak, 1990]. Deamination of ¢esult of mutational pressure against this highly mutable
yields U, while deamination of 5-methylcytosine yield$linucleotide [Kricker et al., 1992]. The eight CpG dinu-
T. These Cto T (or G to A) transitions have been proposétgotides are shown in Table Il, where the A of the AUG
to be due to the decreased rate of repair of T:G mislitiation codon is designated base 1. These eight CpG
matches versus U:G mismatches [Schmutte et al., 199@|I_1ucleot|des present 16 possible SBS (transition) muta-
It is this difference in repair which causes 5-methylcytdions: CpG— TpG or CpG— CpA. Four of these result
sine to stand out as a “hot spot.” in no predicted amino acid change, ten in a missense

We recently determined thdPRT mutations in two mutation, and two in a chain-terminating (TGA) codon.

unrelated families each with a Lesch-Nyhan syndromEive Of the possible 12 mutations have been found to

affected male and found that both contain,g,® T fransi- ©SSUr in in vivo or in vitro studies and these are shaded
" lgTable [I. Table Il summarizes the distribution of SBS

tion mitation by cDNA sequencing (Table ). In the firs ransition) mutations at these five sites, as reported in the
family (HPRTesid, We determined that both the mother an . i !
v ( Esiid ariello HPRT database [Cariello, 1997]. Two of these

the sister of the affected boy showed the elevated thiog

nine-resistant (TG mutant frequency expected for carriepm'[ationS (CpGe~ CpA and CpGos — CpA) have been

females [Skopek et al., 1990; Hunter et al., 1996] and borttf;]ported only in human cells in in vitro studies, the former

showed the G,GA to TGA mutation in the mutant allele
cDNA. In the second familyHPRTs.gamid, the proband
and his heterozygous mother showed the same mutatigpntract grant sponsor: the National Institute of Child Health and Hu-

This mutation occurs at a CpG dinucleotide and resulr&an Development; Contract grant number: 1K11HD01010; Contract
rant sponsor: the Charles H. Hood Foundation; Contract grant sponsor:

in a change from an arg to a nonsense (Cham'termmat'%_g-l; Contract grant number: 5R01CA68288. Support does not imply
TGA) codon. Previous studies have suggested that thieement with the views expressed in this commentary.
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TABLE I. Analysis of Potential HPRT Mutation Carrier Females

Sample Individual HPRT Mutant frequency Mutation
(P52) Estrie Proband (unavailable)
Mother 3.7x 102 Ci5:GA - TGA
Sister 1.6x 102 Cis:GA - TGA
(P55) Sagamie Proband 0.98 15GA - TGA
Mother 3.5x 10°? Cis:GA —» TGA

TABLE Il. CpG Dinucleotide Sequences in the Human HPRT Gene

cDNA Predicted amino Predicted amino

sequence Mutation acid change Mutation acid change CINC*
GCsG C—T ada— va Gs— A (none) NC
C,oGC Cpo—T arg — cys Gy~ A arg — leu NC
GGC,GTC Cu—T (none) Gy — A va — ile NC-NC
GTC,,GTG Cu—T (none) Gy — A val - met NC-C
Cu.GT Cuo—T arg — cys Guz > A arg — his NC
Cis:GA Cu—>T arg — Stop G2 > A arg —gln NC
GTC,5GCA Cuo— T (none) Gy — A ada— thr NC-C
Cs0sGA Cos > T arg — Stop Gsgo — A arg — gin NC

*Conserved (C) or not conserved (NC) amino acid [Lambert et al. 1992].

in T-lymphocytes treated with nitrosopyrene, the latter ble Ill; Line C). Again, this is the most frequent somatic

in GM130 lymphoblasts treated with ethylnitrosoureBdPRT mutation in adults. T-lymphocytelPRT mutation

and in fibroblasts treated with ultraviolet light. A third frequencies have been shown to increase with age [Rob-

(CpGuss — CpA) has been reported four times, twice innson et al., 1994] and the role of cell proliferation in

T-lymphocytes (one in an untreated culture in an in vitro  mutation rate calculations has been discussed [Green et

study and one as an in vivo-arising mutation in an uneal., 1995]. The rate of increase in mutant frequency is

posed, nonsmoking male) and twice in humans with in- greater in children than in adults, consistent with the

herited HPRT partial deficiency (resulting in gout). Thehigher level of T-cell proliferation in children [Finette et

other two mutations (Cpfs; — TpG and CpGes— TpG) al., 1994]. The frequency of mutations in newborns (cord

have been reported frequently in both in vitro and in vivblood samples) probably presents the greatest contribu-

studies and represent 3.1% (43/1,403) of the total SBS tion of active cell proliferation to mutation induction

mutations reported in the total database [Cariello, 199%}hich results in an elevated mutation rate in newborns

All five sites represent 3.6% of the total SBS mutations as compared to adults [Green et al., 1995]. One prediction

(Table 111, Line A). that results from the hypothesis that mutations at CpG
Transition mutations at CpG dinucleotides account for dinucleotides are DNA replication-dependent is that SBS

15.7% of the Lesch-Nyhan (Cp&Gand CpGyg) and 7.7% mutations in newborns should occur predominantly at

of the gout (CpG&s) mutations in theHPRT database these sites as true spontaneous or endogenous mutation

(Table IlI; Line D). Similar results of 14.0% and 16.7%events. Table lll, Line G presents preliminary data that

are found in two other compilations of Lesch-Nyhan mu- this prediction is true. Although SBS mutations comprise

tations which partially overlap thdPRTdatabase entriesonly 23% (18/77) of the totaHPRT mutations in new-

(Table 1lI; Lines E and F). Taken together, these CpG borns (with the majority being large structural alter-

mutations are the most frequent germliH®RT muta- ations), six of these 18 SBS mutations (33.3%) are transi-

tions. These results are consistent with previous repotitsn mutations at two CpG dinucleotide sequences G

of the high frequency of CpG mutations in other inheritednd G G).

diseases [Rideout et al., 1990]. These observations suggest that deamination of 5-
In vivo-arising somatic cell SBS mutations in T-lym-methylcytosine to T at CpG dinucleotide sequences and

phocytes comprise 54.1% (253/468) of the tdtH?RT subsequent replication resulting in C#&ST/A transition

mutations and occur at a frequency of 5.1% (13/253) atutations are the most frequent mutation event in divid-

the three CpG sites also seen in germ cell mutations (Ta- ing cells in vivo, both somatic and germ cells. The decline
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TABLE Ill. HPRT Mutations at CpG Dinucleotides

Total Number of mutations at
number of Number of single- Total

Dataset mutations base substitutions 15:.C Csos Gia3 Gyg1 Gsoo (% of SBS)
A. TotaP 2224 1403 20 23 4 1 2 50 (3.6%)
B. In vitro®

Total 1555 1024 10 11 1 1 2 25 (2.4%)

“Induced” 1366 914 7 10 0 1 2 20 (2.2%)

“Spontaneous” 189 110 3 1 1 0 0 5 (4.5%)
C. In vivo

Somatié (Spontaneous and

smoker) 468 253 4 8 1 0 0 13 (5.1%)
D. In vivo

Somatic (newborn) 77 18 3 3 0 0 0 6 (33.3%)
E. Germinat

LN 102 70 7 4 0 0 0 11 (15.7%)

Gout 33 26 0 0 2 0 0 2 (7.7%)
F. Germindl

LN 65 43 3 3 0 0 0 6 (14.0%)

Partial 20 18 0 0 0 0 0
G. Germindl 41 24 2 2 0 0 0 4 (16.7%)
#Cariello, 1997.

"Scully et al., 1992.
Alford et al., 1995.

in in vivo somatic cell CpG mutation frequency in adult&ariello NF (1997): “Release 6 of thelPRT Database.” Mutabase
compared to newborns (5.1% vs. 33.3%, respectively) Software, Durham, NC.
ope

. . . . . r DN, Krawczak M (1990): The mutational spectrum of single
probably reflects the decline in cell proliferation in the base pair substitutions causing human genetic disease: Patterns

T-lymphocyte population after birth. However, since the  anqg predictions. Hum Genet 85:55—74.

age-related increase in mutant frequency from newbormette BA, Sullivan LM, O'Neill, JP, Nicklas JA, Vacek PM, Albertini
to adult is approximately 15-fold compared to the 6-fold RJ (1994): Determination oHPRT mutant frequencies in T-
decline in the frequency of mutation at these CpG sites lymphocytes from a healthy pediatric population: Statistical com-

. Lo . . parison between newborn, children and adult mutant frequencies,
in adults, these specific mutations appear to continue to cloning efficiency and age. Mutat Res 308:223—231.

occur after birth, althoth at a lower frequency- Thesfﬁjimori S, Tagaya T, Yamaoka N, Saito H, Kamatani N, Akaoka |
mutations may represent true spontaneous mutations due (1995): Direct evidence for a hot spot of germ line mutation at
to the endogenous mutagenic potential of 5-methylcyto-  HPRTIocus. In: Sakota A, Taylor A (eds): “Purine and Pyrimi-
sine deamination, coupled with DNA replication of the dine Metabolism in Man VIII.” New York: Plenum Press, pp

; . ; ; . 679-682.
resultling T'GI’,] n}lsmatCh’ tofy;]eld Cle T./A trfcmSItIOI; Green MHL, O'Neill JP, Cole J (1995): Suggestions concerning the
mutations. The frequency of these mutations in newborns relationship between mutant frequency and mutation rate at the

may provide a measure of the inherent spontaneous muta- HPRT locus in human peripheral T-lymphocytes. Mutat Res
tion events and thus allow determination of induced  334:323-339.
events beyond this background. Hunter TC, Melancon SB, Dallaire L, Taft S, Skopek TR, Albertini RJ,
O'Neill JP (1996): GerminaHPRT splice donor site mutation
results in multiple RNA splicing products in T-lymphocyte cul-
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